Background: Studies evaluating bacterial in insects could provide information about hostmicroorganism-environment interactions. The gut community is recognized to have a profound effect on various physiological functions of the insects. Enterococcus is part of the gut community in humans andanimals, as well as in the guts of insects. The presence and antimicrobialresistance profileof enterococci are well studied in different animals; however, data in Heliconius erato phyllis (Lepidoptera; Nymphalidae), do not yet exist. Therefore, the aims of this study were to evaluate species distribution, antimicrobial resistance profile, virulence genes and genetic relationship amongenterococci isolated from fecal samples of siblings and non-siblings H. erato phyllis caterpillars collected from different places in South Brazil.
environmental resistome. The PFGE analysis showed related genetic relationship among some strains, suggesting that the enterococci isolated from fecal samples of fifth instar sibling caterpillars might have come from common sources, by diet (herbivory) and/or via vertical transmission (through egg surface). Further studies will be conducted to better understand the role of Enterococcus on the microbial gastrointestinal tract community of these insects, and the mechanisms involved in acquisition and maintenance of these bacteria.
It has been recognized for a long time that microorganisms play key roles on various 79 physiological functions of the host. Gut microbial community provide an especially diverse 80 range of benefits in insect nutrition, e.g. by providing xenobiotic metabolism, synthesis of 81 vitamins, establishment of metabolic pathways, contributing to defense against invading 82 pathogens and immune system modulation (Douglas, 2015; Shao et al., 2017) . The presence of 83 microorganisms in the GI tract of insects can be explained by environmental bacteria ingested 84 with food and/or acquired by maternal transfer (Engel & Moran, 2013) . A growing number of 85 studies have addressed the importance of the microbiota in the gastrointestinal (GI) tract of 86 insects (Engel & Moran, 2013; Chen et al., 2016; Douglas, 2018) . Studies investigating the gut 87 microbiota in different species of order Lepidoptera identified Enterococcus as one of the most 88 frequently genus in different stages of the life cycle of these animals (Brinkmann, Matens & 89 Tebbe, 2008; Chen et al., 2016; Ruokolainen et al., 2016; Snyman et al., 2016; van Shooten et 90 al., 2018; Allonsius et al., 2019) . 91 Enterococcus genus is often found as part of the GI tract in humans and animals, as well 92 as in the guts of insects (Shao et al., 2017) . Hammer et al. (2014) reported that Enterococcus 93 spp. was the most abundant genus in immature and adult in a subspecies of H. erato from 94 Panamá. Furthermore, it has also been reported in insects of other orders, such as Coleoptera 95 (Kim et al., 2017) , Hymenoptera (Audisio et al., 2011) , and Diptera (Ghosh et al., 2014) . A 96 characteristic of this genus is their intrinsic resistance to several antimicrobial agents and a great 97 ability to transfer and acquire resistant genes (Hollenbeck & Rice, 2012) . The anthropogenic 98 activities such as animal husbandry, agronomic practices and wastewater treatment play an 99 important role in the emergence and spread of antibiotic resistant enterococci and/or antibiotic 100 resistance genes in the environment -especially in soil, water, wastewater, and food (Gothwal & 101 Shashidhar, 2014; Singer et al., 2016) . Notwithstanding antibiotic resistance is a great concern, 102 few studies have addressed the importance of insects carrying resistant enterococci (Allen et al., 103 2009; Lowe & Romney, 2011) . Isolation and identification of enterococci were performed as previously described in 142 Santestevan et al. (2015) , with modifications. One milligram of fecal sample was transferred to 143 10 mL of saline 0.85% and incubated at 37 ºC for 24 h. One mL was inoculated in 9 mL of Azide 144 Dextrose Broth selective medium (Himedia, Mumbai, India) and incubated for 24 h at 37 ºC. 145 Aliquots (1 mL) were placed in 9 mL of saline 0.85%, and initial samples were further diluted 146 10-fold. From dilution 10 -5 and 10 -6 , 100 µL was inoculated in brain heart infusion (BHI) agar 147 plates (Himedia, Mumbai, India) supplemented with 6.5% NaCl, incubated for 48 h at 37 ºC.
148
Fifteen colonies were randomly selected from each fecal sample. Phenotypic criteria 149 (size/volume, shape, color, gram staining, catalase production and bile aesculin reaction) were 150 used to separate the enterococci group and the non-enterococcal strains. Selected pure colonies 151 were stored at -20 ºC in a 10% (w/v) solution of skim milk (Difco, Sparks, MD, USA) and 10% 152 (v/v) glycerol (Neon Comercial Ltda, São Paulo, SP, BR).
153
Genomic DNA was extracted by physicochemical method as previously described by 154 Depardieu, Perichon & Courvalin (2004) . Genus-specific PCR assays targeting the tuf gene 155 were performed (Ke et al., 1999) (Table 1 ) and E. faecalis ATCC 29212 was used as positive 156 control.
Isolates were screened with the species-specific PCR assay for Enterococcus faecalis, 160 Enterococcus faecium, Enterococcus casseliflavus and Enterococcus mundtii (Cheng et al., 161 1997; Jackson, Fedorka-Cray & Barrett, 2004; Sedgley et al., 2005) . The primers and annealing 162 temperature used are listed in Table 1 . Strains that were not identified by PCR reactions were 163 submitted to matrix-assisted laser desorption and ionization time-of-flight technique (MALDI-164 TOF) applied to Enterococcus sp., according to Sauget et al. (2017) . 165 Isolates classified as Enterococcus sp. were identified by sequence analysis. The PCR 166 product of 16S rRNA gene, using the 8F and R1522 primers (Coenye et al., 1999) (Table 1) , was 167 purified with Illustra™ GFX™ PCR DNA and gel band purification kit (GE Healthcare, 168 Buckinghamshire, UK). Sequencing was performed with the ABI PRISM® BigDye® Primer 169 Cycle Sequencing Ready Reaction Kit in an ABI PRISM® 3100 Genetic Analyzer (Applied 170 Biosystems ® ), according to the manufacturer's protocol. The sequences obtained were compared 171 to nucleotide sequences of reference enterococci strains deposited in GenBank. Intermediate and resistant strains were considered in a single category and classified as 181 resistant. Strains showing resistance to three or more unrelated antibiotics were considered as 182 multidrug-resistant (MDR) (Schwarz et al., 2010) . 183 184 Detection of resistance and virulence genes 185 Erythromycin-resistant strains were tested by PCR for the presence of resistance 186 encoding genes more commonly associated to clinical and environmental enterococci: erm(B), 187 which encodes a ribosomal methylase that mediates MLSB resistance; and msrC, which encodes 188 for a macrolide and streptogtamin B efflux pump. The presence of virulence associated genes 189 gelE (gelatinase enzyme), cylA (activator of cytolysin), ace (accessory colonization factor), esp 190 (associated to biofilm formation) and agg (aggregation substance) was determined by PCR in all 191 enterococcal isolates. The amplifications were performed as described in Prichula et al. (2016) . 192 The sequences of the primers and annealing temperature are described in Table 1 . 195 Enterococci strains isolated from siblings and non-sibling caterpillars were selected for 196 PFGE analysis according to the following criteria: maternal origin (females HEAB2, HEV2 or 197 HES2), hatched larvae, enterococcal species and antimicrobial profile. Chromosomal DNA 198 extraction and electrophoresis conditions were prepared according to Murray et al. (1990) and 199 Saeedi et al. (2002) . The restriction enzyme used was SmaI (Invitrogen®). The electrophoresis 200 was carried out using a clamped homogeneous electric field (CHEF-DRII device; Bio-Rad 201 Laboratories, Richmond, Calif.), with ramped pulse times recommended by Saeedi et al. (2002) 202 at 11 °C. The gels were stained with ethidium bromide (0.5 μg/mL for 20 min). The PFGE 203 patterns were interpreted using the program GelCompar II v. 11 6.6, and the percentage of 204 similarity was estimated using the Dice coefficient. A dendrogram was generated to examine the 205 relatedness of PFGE patterns for selected isolates, and cutoff level of 80% applied to this 206 dendrogram (Tenover et al., 1995) . 215 A total of 178 strains were isolated from fecal samples from fifth instar caterpillars 216 (Table 2) . Enterococcus casseliflavus was the most common species identified (74.15%; n = 217 132), followed by E. mundtii (21.34%; n = 38) and E. faecalis (1.12%; n = 2). Six strains 218 (3.37%) could not be identified at the species level.
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Enterococci species present in fecal samples of H. erato phyllis caterpillars
219
Differences in the composition of enterococci were detected among the three groups of 220 caterpillars, as shown in Table 2 . The Simpson's indexes of diversity showed differences 221 between the three populations, with higher diversity of enterococci species from fecal samples of 222 caterpillars from HES2 (1 -D = 0.68), followed by HEV2 (1 -D = 0.49) and HEAB2 (1 -D = 223 0.27). 224 225 Antimicrobial susceptibility 226 One hundred and twenty (67.41%) enterococci were resistant to at least one evaluated 227 antimicrobial agent. The frequency of antibiotic susceptible strains is shown in Table 3 . 228 Rifampicin resistance phenotype was the most commonly observed (56%; n=100), followed by 229 erythromycin (31%; n=55). Eight strains (4%) were resistant to norfloxacin and five (3%) to 230 ciprofloxacin. All investigated strains were susceptible to ampicillin, vancomycin, tetracycline, 231 nitrofurantoin, chloramphenicol, gentamicin and streptomycin.
232
Among the 120 resistant strains, single (SR), double (DR), and MDR were observed in 233 67% (n=80), 28% (n=34), and 5% (n=6) of strains, respectively. 234 235 Resistance and virulence determinates 236 None of the 55 erythromycin-resistant strains was positive to erm(B) and msrC genes. 237 The presence of virulence genes was evaluated in all strains, and esp gene was detected in 238 35.39% (n=63), ace in 6.74% (n=12) and gelE in 1.12% (n=2). None strain were positive for 239 clyA and agg genes. 240 241 Genetic relationship among enterococci isolated from siblings and non-siblings caterpillars 242 into fifth instar 243 Of the 178 strains isolated, 86 (E. casseliflavus, n=58; E. mundtii, n=23; E. faecalis, n=2; 244 Enterococcus sp., n=3) were chosen for PFGE (Table S1 ). From sibling caterpillars 6, 7, 10, 11 245 and 14 of HEAB2 female were picked, E. casseliflavus (n=32), E. mundtii (n=8) and E. faecalis 246 (n=2). All strains were isolated from caterpillars hatched closely in time and fed with the same 247 batch of P. suberosa leaves. From the offspring of HEV2 female (sibling caterpillars 9, 18, 26, 248 27 and 29) were selected E. casseliflavus (n=19), E. mundtii (n=9) and Enterococcus sp. (n=3). 249 These isolates were recovered from siblings that hatched at different periods of time and were 250 fed with different batches of leaves. And from the offspring of HES2 female (sibling caterpillars 251 3 and 17) were chosen E. casseliflavus (n=7) and E. mundtii (n=6). Those strains were isolated 252 from sibling caterpillars.
253
The hierarchical relationship among enterococci selected from siblings and non-siblings 254 caterpillars, showed 22 patterns (15 patterns and 7 single strain -singleton) (Fig. 2) . Four patterns 255 generated by PFGE indicated genetic relationship by strains isolated from siblings caterpillars 256 (P7, P8, P9 and P13), and 11 were composed by strains isolated from the same caterpillars (P1, 257 P2, P3, P4, P5, P6, P10, P11, P12, P14 and P15). No genetic relationship was observed by strains 258 isolated from non-siblings.
259
The band pattern among the 32 E. casseliflavus isolates from sibling caterpillars (6, 7, 10 260 11 and 14) from the HEAB2 female, showed six PFGE patterns (P5, P7, P8, P9, P11 and P12) 261 and three singletons. There were three PFGE patterns (P7, P8, and P9), which included 18 of the 262 32 strains that were isolated from sibling caterpillars 6, 7, 10 and/or 11, with low levels of 263 genetic variability. P5 and P11 each contained two isolates and P12 with eight isolates showed 264 genetic variations, and the remaining three E. casseliflavus isolates were singletons and 265 represented unique PFGE patterns. All E. mundtii from caterpillar 14 were closely genetic 266 related and were clustered in one patterns (P10), as well as the two E. faecalis (P3) isolates from 267 caterpillar 6. These results demonstrate strains may be originated from the single linage each.
268
Seven different PFGE patterns (P4, P6, P13, P15, and three singletons) from sibling 269 caterpillars 9, 18, 26, 27, and 29 from the HEV2 female were obtained. The analysis of the 270 fragment profiles of the E. mundtii (n=9) and Enterococcus sp. (n=1) strains isolated from 271 caterpillars 18, 26, 27 and 29 demonstrate elevated genetic relationship between them (P13). The 272 19 E. casseliflavus strains showed four PFGE patterns: P4, P6 and P15, each contained six, three 273 and nine isolates, respectively, and one singleton. These distinct patterns are suggestive of 274 genetic events in these strains.
275
The seven E. casseliflavus strains from caterpillars 3 and 17 (offspring of HES2 female) 276 showed two distinct patterns (P1 and P2) with high levels of genetic similarities between them 277 (100%). P1 contained four isolates and P2 encompassed three isolates. Of the six E. mundtii 278 isolated from caterpillar 3, five showed 100% of similarity and were clustered in the P14 pattern 279 -suggesting that these strains may be progeny from a single lineage -and one strain had distinct 280 and unrelated PFGE by criteria of Tenover et al.(1999) . 281 In addition, most of the patterns were shared by isolates with the same antimicrobial 282 profile. 
294
The genus Enterococcus is associated with the environment and a wide range of 295 organisms, among them plants (Müller et al., 2001; Byappanahalli et al., 2012; Sánchez 296 Valenzuela et al., 2012) . In the present study, E. casseliflavus was more frequently identified in 297 feces of H. erato phyllis caterpillars. The diet constitutes an additional source of organisms in the 298 GI tract of insects, and the presence of enterococci in the GI tract of caterpillars can play an 299 important role with regards to protection against other pathogens, since this genus are able to 300 produce lactic acid (causing a decrease of pH), and enterocins (peptides with antimicrobial 301 activity). Since E. casseliflavus is are frequently related has part of microbial communities in 302 plants (Byappanahalli et al., 2012; Micallef et al., 2013; Ong et al., 2014) , the highest 303 abundance of them in fecal samples of H. erato phyllis caterpillars could be explained by the 304 herbivory of juveniles, unleashing the predominance of these species. As noted by Chen et al. 305 (2016) , enterococci may act beneficially for caterpillars. However, further studies are needed to 306 understand the role of these bacteria as components of the GI tract of caterpillars in H. erato 307 phyllis subspecies.
308
Resistant enterococcal strains isolated from fecal samples of caterpillars are a matter of 309 concern, since these larvae had no history of antibiotic use. Studies that highlight the resistance 310 profile of enterococci isolated from insects in natural environments are scarce. Channaiah et al. 311 (2010) describe enterococci isolated from stored-product insects resistant to tetracycline, 312 streptomycin, erythromycin, kanamycin, ciprofloxacin, ampicillin, and chloramphenicol, and 313 suggest that these animals can be potential vectors in disseminating of antibiotic-resistant strains. 314 Ahmad et al. (2011) report multidrug resistant enterococci isolated from house flies and 315 cockroaches in a confined swine production environment, and also point those insects maybe 316 potential vectors and/or reservoirs of resistant enterococci. Despite the occurrence and spread of 317 resistant strains has intensified due to the use of antimicrobials, the isolation of resistant 318 enterococci in the present study could be related both to anthropogenic activities (contamination 319 of the environment) and/or linked to resistance that occurs naturally in the environment 320 (environmental resistome) (Martínez, 2008; Allen et al., 2010) . 321 The most widespread mechanism of resistance to macrolides in enterococci is mediated 322 by erm and msrC genes (Aarestrup et al., 2000; Santestevan et al., 2015; Prichula et al., 2016) . 323 Nevertheless, in the present study, none of these genes was detected. It is possible that these 324 strains harbored other erythromycin-resistance genes, such as ermD, E, F, and other efflux pump 325 like msrA gene. A low percentage of virulence genes was detected in enterococci of H. erato 326 phyllis caterpillars. Although, these genes are related to the pathogenicity of clinical enterococci 327 strains, the presence of these genes in strains in fecal samples of the caterpillars, may be 328 associated with the maintenance of the cells of the GI tract, and consequently with 329 microorganism and host interactions.
330
The E. casseliflavus, E. faecalis, E. mundtii, and Enterococcus sp. isolated from fecal 331 samples of siblings and non-siblings caterpillars demonstrated unrelated or related patterns based 332 on maternal origin, on the analysis of PFGE fingerprint. The unrelated patterns found in P1, P2, 333 P3, P4, P5, P6, P10, P11, P12, P14, and P15 demonstrated genetic diversity among these strains. 334 The genetic variations in these strains maybe have been associated with genetic event, such as 335 mobile elements or mutation, a common characteristic of enterococci (Lebreton et al., 2014) . 336 The related patterns were observed among strains isolated from siblings caterpillars (P7, P8, P9 337 and P13) may be associated with a common sources, by diet (herbivory) and/or via vertical 338 transmission (through egg surface). Since the fecal samples used in the present study were 339 collected from fifth instar caterpillars, the last stage before the pupa, the result present here may 340 be suggestive of a vertical transmission of enterococci that are being replaced from diet. Plants 341 are a food source for bacteria present in the GI tract of insects; these bacteria contribute to 342 improving diets poor in nutrients, as well as a supporting role in development and maturation of 343 the immune system to protect the host against pathogenic microorganisms (Dillon & Dillon, 344 2004; Engel & Moran, 2013) . Therefore, it is likely that the herbivory of H. erato phyllis 345 immature hatchlings represents an abundant supply of enterococci throughout the larval stage. 346 Considering that the passionflower leaves were the only source of food to the immature, these 347 leaves might was the source of Enterococcus sp. in the GI tract of the immatures.
348
As well as to the diet, the vertical transmission can also be a source of bacteria from a 349 female to her offspring. Some studies have described the vertical transmission mechanism of 350 bacteria in different species of Lepidoptera (Brinkmann, Martens & Tebbe, 2008; Chen et al., 351 2016; Teh et al., 2016; Shao et al., 2017) . The caterpillar hatches eating the corion and forming 352 its way out of the egg. Brinkmann, Martens & Tebbe (2008) reported that the Enterococcus spp. 353 present in the gut of the larvae of Manduca sexta (Lepidoptera; Sphingidae) was acquired via 354 ingestion of their eggshell, demonstrating the maternal transmission of microorganisms. Another 355 target of the Lepidoptera studies regarding the microbiota is the butterfly considered agricultural 356 pest Spodoptera littoralis (Lepidoptera; Noctuidae), and studies have describe the presence of 357 enterococci in immature and adults of these insects: Chen et al. (2016) observed that most of the 358 bacteria found in the egg mass of S. littoralis were also found in caterpillars, and suggest that 359 microorganisms present in the mass of eggs represent both a source of maternal origin as well as 360 environmental bacteria. Teh et al. (2016) showed the route of transmission of E. mundtii in S. 361 littoralis when administered in vivo; the authors reported the presence of E. mundtii in all stages 362 of life of this insect, as well as established the presence of this bacteria in oocytes and the muscle 363 tissue of the first-instar larvae of the second-generation offspring, highlighting again the vertical 364 transmission of enterococci in this species of butterfly. The enterococci isolated in the present 365 study may be linked to herbivory; however, despite our analysis do not include adult females and 366 the bacterial communities of passionflower leaves, we do not discard that enterococci could also 367 be transmitted from female to the offspring through the surface of eggs, as previously mentioned 368 for other species of Lepidoptera. In conclusion, E. casseliflavus was the dominate strains isolated in fecal samples of fifth 372 instar H. erato phyllis caterpillars. Resistant strains present in samples of these insects could be 373 related to environmental resistome and/or to anthropogenic activity; also the presence of MDR 374 enterococci could also be an indication of environmental contamination with antibiotics. The 375 results obtained by PFGE analysis suggest that the enterococci isolated from fecal samples of 376 sibling caterpillars might have come from common sources, by diet (herbivory) and/or via 377 vertical transmission (through egg surface). Further studies will be conducted to better 378 understand the role of Enterococcus on the microbial GI tract community of these insects, and 379 the mechanisms involved in acquisition and maintenance of these bacteria in H. erato phyllis 380 butterflies. In addition, the data obtained can be used in future analyses of the microbiota present 381 in adult females of H. erato phyllis compared to the microbiota of the offspring, to confirm the 382 occurrence of vertical transmission of Enterococcus sp. in this model organism. 
